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Abbreviation Full Name 
7SK snRNP 
7SK small nuclear ribonucleoprotein, 
HEXIM1/7SK/LARP7/MePCE/P-TEFb  
2-DE Two-dimensional electrophoresis  
ActD Actinomycin D 
AIDS Acquired immunodeficiency syndrome 
AP-MS Affinity Purification –Mass Spectrometry  
BD (I, II) Bromodomain (I, II) 
BET Bromodomains and extraterminal 
CTD C-terminal domain 
DMEM Dulbecco′s modified of Eagle′s medium 
DSIF DRB-sensitivity inducing factor 
ESI Electrospray ionization 
FASP Filter Aided Sample Preparation 
HIV-1 Human immunodeficiency virus type 1 
HMBA Hexamethylene bisacetamide 
IT Iontrap 
















MALDI Matrix assisted laser desorption ionization 
NELF Negative elongation factor 
P-TEFb Positive transcriptional elongation factor b 
PIC Preinnitiation complex 
RNA Pol I RNA Polymerase I 
RNA Pol II RNA polymerase II 
RNA Pol III RNA Pol III 
snRNP 
 
Small nuclear ribonucleoprotein particle 
SEC 









Stable isotope labeling with amino acids in cell culture 
 
TAR Transacting-response 
TEC Transcript elongation complex 

















艾滋病是由人类免疫缺陷病毒(Human immunodeficiency virus, HIV)感染引
起的获得性免疫缺陷综合症(Acquired immunodeficiency syndrome, AIDS)，是一种
以全身免疫系统严重损害为特征的严重传染性疾病。2008 年法国科学家




是在 HIV 感染宿主细胞的过程中，HIV 与宿主细胞之间的相互作用分子机制是
治疗 HIV 的关键，通过对 HIV 与宿主细胞之间的相互作用分子机制研究并最终
找到根除 HIV的治疗方法。 
在 HIV-1转录复制过程中，P-TEFb 是所必需的宿主细胞因子之一。P-TEFb
是由 CDK9（ Cyclin denpendent kinase 9）及其调节亚基 Cyclin T1 组成的异源二





方法来检测在 HIV 转录复制过程中以 P-TEFb 为核心的蛋白复合物的动态变化。
在稳定整合 HIV-1 LTR Luciferase 的 HeLa 细胞为模型的基础上，构建了 N1F9
（稳定表达 Flag-CDK9）稳定细胞株，运用亲和纯化-高分辨多级质谱联用分析
（AP-MS/MS）和稳定同位素氨基酸标记质谱定量技术（SILAC）。我们研究发
现：（1）在转染 Tat 后，LARP7、MePCE 和 Hexim1 都降低，AF9、ENL、AFF1
和 AFF4都增加，这意味着 Tat 能使 P-TEFb 从 7SK snRNP 中解离，Tat 募集 SEC
复合物到 HIV 基因的启动子上，从而利于 HIV 基因的转录。同时，还检测到了
另外一个 P-TEFb 复合物降低 10倍。（2）在经过 JQ1处理后，发现 7SK snRNP
和 SEC 都没有明显变化，而另外一个 P-TEFb 复合物（即上文提到的 P-TEFb复

















机制是什么我们正在研究。（3）在经过 P-TEFb 抑制剂 I-CDK9 处理后，LARP7、
























Human Immunodeficiency Virus (HIV) was confirmed as the pathogen of the 
acquired immunodeficiency syndrome (AIDS), a lethal infectious disease 
characterized of serious damage to host immune system. Françoise Barré-Sinoussiand 
Luc Montagnier won the Nobel Prize because they found HIV virus and its 
pathological mechanisms. AIDS has killed millions of people’s life and about 40 
million people all around the world are currently living with HIV/AIDS,but there is 
still no any kind of treatment strategies can cure AIDS, how to prevent and eradicate 
HIV is still a big challenge. Many scientific problems need to be solved urgently, 
especially in the process of HIV infection of the host cell, the interaction between 
HIV and host cell molecular mechanism is the key point to the treatment of HIV, we 
plan to carry out research and find the eradication of HIV based on the interaction of 
host cells and HIV molecular mechanism. 
Positive transcription elongation factor b (P-TEFb), composed of cyclin dependent 
kinase 9(CDK9) and its regulatory partner cyclin T1, is a cellular co-factor essential 
for HIV-1 replication. P-TEFb phosphorylation of second serine residue of the 
C-terminal domain (CTD) of the largest subunit of RNA Pol II. This phosphorylation 
is key important for stimulation of RNA Pol II elongation activity to ensure the 
synthesis of full-length pre-mRNA. 
In order to investigate the dynamic change of P-TEFb and its associated 
complexes，we applied different HIV activators (HIV-1 Tat, JQ1) and P-TEFb 
inhibitor I-CDK9 to activate or to repress HIV gene transcription by performing 
quantitative proteomics.We generated a stable cell line N1F9（ stable express 
Flag-CDK9 and HIV-LTR-Luciferase）based on Hela cell lines, then cultured them 
with SILAC (stable isotope labeling of amino acids in cells) medium, followed with 
enrichment using large scale affinity purification and data acquisition through high 
















follows: (1)After cells being transfected with HIV-1 tat, three components of 7SK 
snRNP, LARP7, MePCE and Hexim1 all decreased，AF9, ENL, AFF1 and AFF4 all 
increased, which meant P-TEFb dissociated from 7SK snRNP, and HIV-1Tat recruit 
SEC (super elongation complex) to HIV-1 gene promotor to promote HIV-1 gene 
transcription. Meanwhile, we found another P-TEFb complex still in research 
significantly decreased; (2)After the treatment of cells with JQ1, we found 7SK 
snRNP and SEC did not change, and the P-TEFb complex mentioned above 
significantly increased, this P-TEFb complex decreased when cells were transfected 
with HIV-1 Tat and increased when cells were treated with JQ1, these results 
suggested that this P-TEFb complex played a key role in HIV replication; (3)After the 
treatment of cells with I-CDK9, LARP7,MePCE and Hexim1 all decreased，other 
P-TEFb complexes have no changes, this result depicted that I-CDK9 dissociated 
P-TEFb from 7SK snRNP, but it did not cause global gene transcription. 
In conclusion, we systematicly investigate the complexity of P-TEFb regulation 
networks and its role in HIV and cellular transcription control by combining 
quantitative proteomics and AP-MS/MS. Our results suggested that P-TEFb and 
P-TEFb complexes play a key role in HIV-1 and cellular transcription , and it provide 
important scientific basis for the development of new drugs for the eradication of 
HIV/AIDS and cancer therapy  
Keywords: P-TEFb; Protein-protein interaction; Affinity purification;  Quantitative  

















人类免疫缺陷病毒（Human Immunodeficiency Virus, HIV）是一种感染人类
免疫系统细胞引起后天性细胞免疫功能缺失的反转录慢病毒。HIV 的发现以及与
艾滋病的关系的揭示获得了 2008年诺贝尔生理与医学奖。[1, 2]。HIV 的感染和艾
滋病已经夺取了全球几千万人的生命。在过去三十多年，虽然在 HIV 疫苗开发、
抗病毒药物治疗以及新治疗策略如“shock and kill”等方面取得了许多突破进展，





这些基本科学问题找到答案，最终找到根除 HIV 的治疗方法。 
HIV 利用逆转录酶把病毒 RNA 反转录成 DNA 并整合到宿主细胞的染色体
中，病毒 DNA的复制将随细胞的分裂和复制一起进行。HIV基因的转录就是依
靠宿主的转录机制（RNA 聚合酶 II）来完成的，近年来，正性转录延伸因子 b
（positive transcription elongation factor b, P-TEFb）的发现及其功能的系统研究成
为了基因转录延伸及其调控机制的研究方面的重大突破之一，P-TEFb 不仅在
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